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ABSTRACT 

Mazzola, M., Granatstein, D. M., Elfving, D. C., and Mullinix, K. 2001. 
Suppression of specific apple root by Brassica napus seed meal amend-
ment regardless of glucosinolate content. Phytopathology 91:673-679.  

The impact of Brassica napus seed meal on the microbial complex that 
incites apple replant disease was evaluated in greenhouse trials. Regard-
less of glucosinolate content, seed meal amendment at a rate of 0.1% 
(vol/vol) significantly enhanced growth of apple and suppressed apple 
root infection by Rhizoctonia spp. and Pratylenchus penetrans. High 
glucosinolate B. napus cv. Dwarf Essex seed meal amendments did not 
consistently suppress soil populations of Pythium spp. or apple root 
infection by this pathogen. Application of a low glucosinolate containing 
B. napus seed meal at a rate of 1.0% (vol/vol) resulted in a significant 

increase in recovery of Pythium spp. from apple roots, and a correspond-
ing reduction in apple seedling root biomass. When applied at lower 
rates, B. napus seed meal amendments enhanced populations of fluores-
cent Pseudomonas spp., but these bacteria were not recovered from soils 
amended with seed meal at a rate of 2% (vol/vol). Seed meal amend-
ments resulted in increased soil populations of total bacteria and actino-
mycetes. B. napus cv. Dwarf Essex seed meal amendments were phyto-
toxic to apple when applied at a rate of 2% (vol/vol), and phytotoxicity 
was not diminished when planting was delayed for as long as 12 weeks 
after application. These findings suggest that B. napus seed meal amend-
ments can be a useful tool in the management of apple replant disease 
and, in the case of Rhizoctonia spp., that disease control operates through 
mechanisms other than production of glucosinolate hydrolysis products.  

 
Control of replant diseases of fruit trees has relied upon the use 

of soil fumigants that possess broad-spectrum biological activities. 
Preplant soil fumigation has been the standard practice for control 
of apple replant disease due to uncertainty concerning the primary 
biological factors that contribute to disease development. The 
impending phaseout in production and importation of methyl bro-
mide, and potential regulatory restrictions on the use of other soil 
fumigants, place doubt in the long-term availability of suitable 
chemical measures for the control of this disease. 

Formulation of alternative methods for the control of apple 
replant disease is hindered by the lack of sufficient knowledge 
concerning disease etiology. However, recent studies have demon-
strated that a fungal complex composed of species of the genera 
Cylindrocarpon, Phytophthora, Pythium, and Rhizoctonia is the 
dominant cause of replant disease in Washington, and that in a 
limited number of instances, plant-parasitic nematodes also con-
tribute significantly to disease development (12,14). These foun-
dations have enabled the formulation and evaluation of nonfumi-
gant methods for the control of apple replant disease. 

The chemical fumigant metam sodium controls soilborne patho-
gens and enhances the growth and yield of apple established in 
replant orchard soils (31). Metam sodium has methyl isothio-
cyanate as its active compound, which is produced upon decom-
position when applied to moist soil. Members of the plant family 
Brassicaceae, including Brassica napus, produce glucosinolates, 
which upon hydrolysis yield biologically active products in-

cluding isothiocyanates (4). Because glucosinolate hydrolysis 
products have a broad spectrum of biological activity, recent 
investigations have focused on the use of these plants as a tool in 
the management of soilborne plant pathogens. Several studies 
have demonstrated inhibition of fungal plant pathogens upon ex-
posure to volatiles produced during degradation of glucosinolate-
containing plant residues (2,23,27). Inhibition of R. solani and 
Pythium spp., two elements of the fungal complex that incite 
apple replant disease, has been achieved through exposure to 
glucosinolate-derived volatiles (9–11). These findings suggest that 
incorporation and incubation of Brassicaceae plant residues in 
orchard soils may be a suitable means to control elements of the 
microbial complex that incite apple replant disease. 

Although Brassicaceae plant residues have demonstrated fungi-
cidal and disease control activity, the need to cultivate such a crop 
on-site during the process of orchard renovation may not allow for 
practical implementation into an orchard management system. In 
the case of B. napus, an alternative may be the use of defatted 
seed meal, which is a by-product of oil extraction. B. napus seed 
meal amendments to soil provide control of Aphanomyces root rot 
of pea (27) and may serve as a supplementary nitrogen source (8). 

Brassica spp. plant residues incorporated in soil can be phyto-
toxic to subsequent crops (22,29). Application of B. napus seed 
meal caused extensive damage and death of ‘Gala’ on M.26 root-
stock when applied directly into the tree hole at time of planting 
(D. M. Granatstein, unpublished data). Thus, effective use of this 
material will require information concerning appropriate rates, 
duration of incubation between application and planting, and the 
evaluation of other tools that could limit toxicity toward apple. 

Methyl isothiocyanate has a transient negative impact on soil 
bacteria population size (28), and roots of plants grown in treated 
soils exhibit significant reductions in colonization by mycorrhizal 
fungi (5). Incorporation of isothiocyanates reduces populations of 
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+-oxidizing bacteria, and mineralization of N in a sandy loam 

soil was inhibited by the amendment of 2-phenethyl-isothio-
cyanate (3). In contrast, a green manure of high glucosinolate 
containing B. napus ‘Dwarf Essex’ had no apparent impact on 
populations of total culturable bacteria and fluorescent pseudo-
monads in the rhizosphere of pea 6 weeks after planting, and did 
not impact nodulation of pea by R. leguminosarum (25). Based on 
carbon utilization profiles, the amendment of soil with B. napus 
residues did not appear to significantly alter attributes of the 
microbial community in the pea rhizosphere. 

Integrating methods that selectively suppress elements of the 
complex that incite replant disease with procedures that enhance 
activity of resident microbial antagonists is a goal of this research 
program. In greenhouse trials, planting orchard replant soils to 
certain wheat cultivars enhanced subsequent growth of apple (16). 
The ability of a wheat cultivar to enhance growth of apple in 
replant soils appears to be induced indirectly through the activity 
of resident soil microbial antagonists because the growth response 
was associated with changes in composition of the fluorescent 
pseudomonad population as well as increased recovery of Fusarium 
spp. and actinomycetes from apple roots (16; M. Mazzola and  
Y.-H. Gu, unpublished data). However, the apple growth response 
achieved through soil pasteurization typically was superior to that 
obtained in response to prior cultivation of soils with wheat, 
indicating that this practice will not be a stand alone replacement 
to soil fumigation for control of replant disease. Effective integra-
tion of wheat cover cropping with the incorporation of gluco-
sinolate-containing plant residues for the control of apple replant 
disease depends upon the impact of glucosinolate hydrolysis 
products on plant beneficial microbial communities. 

In the current study, the impact of B. napus seed meal amend-
ments on growth of apple seedlings in orchard replant soils was 
assessed, and the effect of such amendments on populations of 
specific soil microorganisms was determined.  

MATERIALS AND METHODS 

Orchard soils used in growth assays. Studies were conducted 
in soils from the Columbia View Experimental (CV) orchard 
located 19.2 km north of East Wenatchee, WA, and the Wenatchee 
Valley College Auvil Research and Demonstration (WVC-A) or-
chard located 6.4 km east of East Wenatchee, WA. Replant disease 
potential was mild to moderate at the CV orchard and moderate to 
severe at the WVC-A orchard based on relative increase in growth 
of apple seedlings and ‘Gala’ on M.26 rootstock in response to 
steam pasteurization or preplant soil fumigation with methyl bro-
mide, respectively (12,13,15). The primary incitants of replant 
disease are C. destructans and R. solani at the CV orchard and R. 
solani at the WVC-A orchard. (12,14). A composite sample was 
obtained from each site by collecting soil at a depth of 10 to  
30 cm within the orchard rows in September 1998 and October 
1999. Soils were stored in 113-liter covered cans at 4°C until use. 

Preparation of seedlings for growth assays. Apple seeds (cv. 
Gala) were surface sterilized with 10% commercial bleach (5.25% 
sodium hypochlorite) and rinsed for 30 min under a constant 
stream of tap water. Seeds were dusted with Captan 50WP and 
stratified for germination by placing seed in a plastic bag with 
moistened paper towels at 4°C for 8 weeks. Stratified seed were 
sown into a sterile peat/perlite mix and incubated at 24°C with a 
12-h photoperiod. After 2 weeks, plants were transferred to 
environmental growth chambers and grown at 18°C with a 12-h 
photoperiod for 4 weeks. These 6-week-old seedlings were used in 
plant growth assays. 

B. napus seed meal amendments. Two distinct seed meals 
varying in glucosinolate content were used in these studies: B. 
napus cv. Dwarf Essex (Montana Vegetable Oils, Great Falls) and 
a B. napus seed meal of unknown cultivar marketed as canola 
meal (Integrated Fertility Management, Wenatchee, WA) for use 
as a fertilizer by organic tree fruit producers. Tissue analysis 
(Soiltest Farm Consultants, Inc., Moses Lake, WA) demonstrated 
that both materials contained similar levels of total nitrogen 
(6.0%), sulfur (1.4%), phosphorous (1.3%), and potassium (1.5%). 
Glucosinolate composition and content of the seed meal were 
determined by P. D. Brown (University of Idaho, Moscow) as 
previously described (27). Glucosinolate composition was similar, 
but ‘Dwarf Essex’ seed meal was very high in glucosinolate 
content, with 3-butenyl glucosinolate dominating, and glucosinolate 
content of the canola seed meal was relatively low (Table 1). 

Plant growth assays and analysis of soil microorganisms. 
Experiments were conducted in WVC-A orchard soils collected in 
1998 to examine the impact of seed meal glucosinolate content on 
disease suppression and growth of apple. ‘Dwarf Essex’ or canola 
seed meal was incorporated into soils at a rate of 0.1 or 1.0% 
(vol/vol) and incubated for 6 weeks prior to planting apple 
seedlings. 

The impact of seed meal amendment rate and length of incu-
bation period prior to planting on growth of apple was evaluated 
in trials conducted in both CV and WVC-A replant orchard soils 
collected in 1998 and 1999. ‘Dwarf Essex’ seed meal amendments 
were made at a rate of 0.1, 1.0, or 2.0% (vol/vol), and soils were 
incubated in the greenhouse for 4, 8, or 12 weeks prior to planting. 

Experimental controls included nontreated and pasteurized 
soils. Pasteurization was conducted in a 50-liter metal canister 
that connected by rubber hosing to a steam source. Soils were 
pasteurized for 90 min at a temperature of 95°C. 

Plant growth assays were conducted in the greenhouse at 20 ± 
3°C with supplemental lighting to maintain a 12-h photoperiod. 
Treated and nontreated CV and WVC-A orchard replant soils 
were placed in 3.8-liter plastic pots and planted to five 6-week-old 
‘Gala’ apple seedlings per pot, with five pots per treatment. Seed-
lings were harvested 12 weeks after planting. At harvest, plants were 
removed from pots and root systems were washed under a stream 
of tap water. Root systems were blotted dry with paper towels, 
and plant height, shoot weight, and root weight were measured. 

TABLE 1. Glucosinolate content (micromole per gram) of Brassica napus
seed meal 

Glucosinolate ‘Dwarf Essex’ Canola 

3-Butenyl 95.5 6.7 
4-Pentenyl 1.3 2.5 
2-OH-3-butenyl 10.5 9.2 
2-OH-4-pentenyl 0.2 0.6 
4-Methylthiobutyl 0.5 0.3 
Phenylethyl 0.5 0.4 
5-Methylthiopentyl 0.4 0.3 
3-Indolymethyl 0.1 0.3 
4-OH-3-indolylmethyl 1.0 0.7 
4-Methylsulfinylbutyl 2.5 0.6 
5-Methylsulfinylpentyl 1.2 1.0 

TABLE 2. Impact of Brassica napus seed meal amendments on growth of 
‘Gala’ apple seedlings in replant soils from the Wenatchee Valley College-
Auvil orchard, WAy 

Treatmentz Root weight (g) Shoot weight (g) Shoot length (cm)

Control 0.71 b 0.80 a 7.4 a 
Pasteurization (95°C) 1.89 d 3.21 d 19.4 d 
0.1% ‘Dwarf Essex’ 0.98 c 1.54 b 13.7 b 
0.1% C 0.73 b 1.89 bc 14.4 bc 
1.0% ‘Dwarf Essex’ 1.10 c 2.41 c 16.4 cd 
1.0% C 0.47 a 1.58 b 11.9 b 

y Soils were incubated for 6 weeks after application of treatments and planted 
to 6-week-old seedlings. Means in the same column followed by the same 
letter are not significantly different (P = 0.05) based on the Student-Newman-
Keuls test. 

z C = unknown cultivar marketed as canola meal. 
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A 50-ml soil sample was collected from each pot immediately 
prior to planting apple seedlings. For each pot, a 5-g subsample 
was placed in an oven at 80°C for 72 h to determine soil dry 
weight. Populations of Pythium spp. were determined by sus-
pending 5 g of soil in 25 ml of sterile water and plating serial 
dilutions on a medium semiselective for pythiaceous fungi 
(1/10th-strength potato dextrose agar, 75 µg ml–1 of rifampicin,  
0.5 µg a.i. ml–1 of benomyl, and 1.0 µg a.i. ml–1 of difenconazole), 
with two replicate plates per dilution and two 5-g subsamples per 
pot. Plates were incubated at room temperature (20 to 23°C), and 
colonies were counted after 48 and 72 h. Populations of total bac-
teria, actinomycetes, and fluorescent pseudomonads were estimated 
by plating serial dilutions of the soil suspension onto 1/10th-
strength tryptic soy agar (TSA), 1/50th-strength TSA, and King’s 
medium B+ agar (26), respectively. Plates were incubated at 28°C, 
and colonies were enumerated and differentiated after 72 h for 
total bacteria and fluorescent pseudomonads, and after 6 days for 
actinomycetes. 

Composition of the fungal community colonizing apple roots 
was determined at harvest. Ten root segments (0.5 to 1.0 cm long) 
from each seedling were excised and plated on 1.5% water agar 
amended with ampicillin (100 µg ml–1). After incubation at room 
temperature (20 to 23°C) for 96 h, fungal growth from root se-
gments was examined by a light microscope (×100). Fungi were 
identified to genus, and presence of actinomycetes in the same 
root segments was determined. 

Root populations of Pratylenchus penetrans were determined 
from one randomly selected seedling in each pot. The seedling 
root system was excised from the shoot, and 0.5 g of root tissue 
was placed in 80 ml of sterile deionized water in 125-ml flasks 
and incubated on a Gyrotory shaker (Model G2; New Brunswick 
Scientific Co., Edison, NJ) at 200 rpm for 72 h. Nematodes were 
collected by filtering the root extract twice through a 45-µm mesh 
sieve and backwashing into a counting dish. Numbers of Praty-
lenchus penetrans were determined by observation (×40) with a 
dissecting microscope. 

Soil and leaf mineral analysis. Leaf mineral analysis (P, K, S, 
and total N) and determination of soil nitrogen were performed by 
Soiltest Farm Consultants, Inc. (Moses Lake, WA). For each treat-
ment, a 100-ml soil sample was collected from each pot at planting. 
At the time of sampling, seed meal amendments had been incubated 
in soil for 4 or 6 weeks. At harvest, a composite leaf sample (5 g) 
was collected for each individual pot after determination of seedling 
biomass. Five soil and leaf samples were analyzed per treatment. 

Statistical analysis. Plant growth and microbial population data 
were subjected to one-way or two-way analysis of variance, and 
treatment comparisons were made with the Student-Newman-
Keuls test. Percent data for recovery of microbial groups from 
apple seedling roots were transformed to arcsine-square root 
values, and soil population data were transformed to log10 values 
prior to analysis. Statistical analyses were conducted using Sigma-
Stat, version 2.0 (SPSS, San Rafael, CA). All experiments were 
repeated, and similar results were obtained in the replicated trials. 
For each study, data shown are from the initial trial.  

RESULTS 

Growth of apple in response to B. napus seed meal amend-
ments varying in glucosinolate content. Growth of apple in 
WVC-A orchard replant soil amended with B. napus seed meal 
varied with the type and rate of seed meal application. At a rate of 
0.1%, seed meal amendments significantly enhanced apple shoot 
length and shoot weight, but only ‘Dwarf Essex’ seed meal 
amendments improved seedling root biomass (Table 2). At a rate 
of 1.0%, seedling height and biomass was significantly greater in 
‘Dwarf Essex’ than in canola seed meal-amended soils. Appli-
cation of 1.0% canola seed meal resulted in a significant reduction 
in apple seedling root biomass relative to the control. Apple shoot 
biomass was greater for seedlings grown in soils amended with 
‘Dwarf Essex’ seed meal at 1.0% than at 0.1%. 

Impact of amendment rate and incubation period on 
growth of apple. A significant interaction between length of 
incubation period prior to planting and seed meal concentration 
was observed for all seedling growth parameters in CV and WVC-
A orchard replant soils (Table 3). Varying the duration of the 
incubation period from 4 to 12 weeks did not impact growth of 
seedlings in soils amended with seed meal at 0.1 or 1.0%, but 
biomass of seedlings grown in soils amended with 2% seed meal 
declined with increasing incubation period prior to planting. All 
seedling growth parameters were significantly enhanced by 
‘Dwarf Essex’ seed meal amendments at a rate of 0.1 or 1.0% 
prior to planting in CV and WVC-A orchard replant soils (Table 
4). The growth response was greater when ‘Dwarf Essex’ seed 
meal was applied at a rate of 1.0% than at 0.1%. In contrast, apple 
root biomass was significantly reduced in WVC-A soil amended 
with seed meal at a concentration of 2%, and this could partly be 
attributed to seedling mortality. Although root biomass of 
seedlings grown in CV soil amended with 2% seed meal was not 

TABLE 3. Effects of Brassica napus cv. Dwarf Essex seed meal concentration, incubation period, and their interaction on growth of ‘Gala’ apple seedlings in 
replant soils from the Columbia View (CV) and Wenatchee Valley College-Auvil (WVC-A) orchards, WA 

 Shoot length Shoot weight Root weight 

Source F P > F F P > F F P > F 

CV orchard       
Rapeseed rate (R) 26.68 0.0001 42.12 0.0001 37.16 0.0001 
Incubation period (I) 1.24 0.2906 0.82 0.4499 1.90 0.1511 
R–I 5.81 0.0001 6.02 0.0001 2.86 0.0232 

WVC-A orchard       
Rapeseed rate (R) 53.91 0.0001 72.65 0.0001 79.8 0.0001 
Incubation period (I) 1.80 0.1667 1.95 0.1447 1.56 0.2573 
R–I 7.28 0.0001 8.02 0.0001 7.18 0.0001 

TABLE 4. Impact of Brassica napus cv. Dwarf Essex seed meal amendments 
on growth of ‘Gala’ apple seedlings in soils from the Columbia View (CV) 
and Wenatchee Valley College-Auvil (WVC-A) orchards, WAz 

Treatment  Root weight (g) Shoot weight (g) Shoot height (cm)

CV orchard soil    
Control 0.54 a 1.20 a 13.3 a 
Pasteurization (95°C) 2.01 d 3.69 c 20.4 b 
0.1% seed meal 1.27 b 2.76 b 19.4 b 
1.0% seed meal 1.65 c 5.26 d 26.5 c 
2.0% seed meal 0.51 a 2.04 b 14.1 a 
    
WVC-A orchard soil    
Control 1.01 b 0.96 a 8.5 a 
Pasteurization (95°C) 1.72 c 3.52 b 17.0 c 
0.1% seed meal 2.13 d 3.19 b 15.1 bc 
1.0% seed meal 1.92 cd 5.64 c 21.6 d 
2.0% seed meal 0.43 a 1.56 a 11.2 ab 

z Values were obtained by averaging across all incubation periods, which 
ranged from 4 to 12 weeks after application of seed meal to soils prior to 
planting apple. Means in the same column followed by the same letter
are not significantly different (P = 0.05) based on the Student-Newman-
Keuls test.  
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different than the control, it was significantly less than that ob-
tained in soils amended at a rate of 0.1 or 1.0%. Duration of incu-
bation had no significant (P = 0.05) impact on seedling mortality. 
Seed meal amendment at a rate of 0.1 or 1.0% did not alter 
seedling survival. In contrast, a significant increase in seedling 
death was observed in soils amended at a rate of 2.0%, with 
seedling mortality ranging from 58 to 70% and 68 to 84% in CV 
and WVC-A soils, respectively. 

Impact of B. napus seed meal amendments on soil micro-
organisms. Prior to application of seed meal, total bacteria popu-
lations in CV orchard soil were approximately 107 CFU g–1 and 
increased to greater than 108 CFU g–1 4 weeks after application of 
‘Dwarf Essex’ seed meal at a rate of 1.0 or 2.0%. In the same soil, 
fluorescent pseudomonad populations increased significantly 
(from 3.9 × 105 to 2.3 × 106 CFU g–1) in response to application of 
‘Dwarf Essex’ seed meal at a rate of 0.1%, but declined dramati-
cally when higher rates were applied and were below the level of 
detection (102 CFU g–1 of soil) in soils amended with 2.0% seed 
meal. Actinomycete populations were approximately 106 CFU g–1 
in nontreated soil and soil amended with 2% seed meal, but were 
greater than 107 CFU g–1 in soils amended with seed meal at a rate 
of 0.1 or 1.0%. Prior to planting, the actinomycete population in 
pasteurized soil was below the level of detection (103 CFU g–1 of 
soil). 

‘Dwarf Essex’ and canola seed meal applications had similar 
impacts on total bacteria and fluorescent pseudomonad popula-
tions in WVC-A orchard soil. Seed meal amendments at a rate of 
0.1% increased soil populations of total bacteria and fluorescent 
pseudomonads (Table 5). As observed in CV orchard soil, amend-
ment of either seed meal at a rate of 1.0% significantly depressed 
fluorescent pseudomonad populations. 

A differential response in Pythium spp. populations was ob-
served in soils amended with B. napus seed meals varying in 
glucosinolate content. ‘Dwarf Essex’ seed meal amendments had 
an inconsistent, though typically minor, impact on the population 
size of Pythium spp. (Table 5). In contrast, application of canola 
seed meal at a rate of 1.0% resulted in a significant increase in 
recovery of Pythium spp. from WVC-A orchard soil (Table 5). 

Populations of Pratylenchus penetrans averaged 98 and 24 g 
per root for seedlings grown in nontreated WVC-A and CV 
orchard soils, respectively. In WVC-A orchard soil, B. napus seed 
meal amendments suppressed nematode populations, and Praty-
lenchus penetrans was not recovered from seedlings grown in 
soils amended with ‘Dwarf Essex’ or canola seed meal, regardless 
of the rate applied. Root populations of Pratylenchus penetrans 
were not significantly reduced by ‘Dwarf Essex’ seed meal 
applications to CV orchard soil, and averaged 10.6, 4.8, and 4.5 g 
per root in soils amended at a rate of 0.1, 1.0, and 2.0%, 
respectively. 

Frequency of apple root colonization by the dominant fungal 
genera and actinomycetes resident to orchard soils varied with 
amendment type and rate at which the materials were applied. 
When applied to CV soil, ‘Dwarf Essex’ seed meal suppressed 
colonization of apple roots by Cylindrocarpon spp., but the same 
treatment applied to WVC-A soil had no impact or enhanced root 
colonization by these fungi (Table 6). Colonization of apple roots 
by Cylindrocarpon spp. was significantly higher in canola seed 
meal-amended soils than in soil amended with ‘Dwarf Essex’ seed 
meal at the same rates (Table 7). Regardless of glucosinolate con-
tent, seed meal amendments significantly suppressed infection of 
apple seedling roots by Rhizoctonia spp. (Tables 6 and 7). Re-
covery of actinomycetes from apple seedling roots typically was 
enhanced in response to seed meal applications. However, fre-
quency of actinomycete isolation was significantly lower from 
seedlings grown in 2% seed meal-amended soils than in the same 
soils receiving a 0.1 or 1.0% seed meal amendment. Recovery of 
Fusarium spp. from apple roots was enhanced by ‘Dwarf Essex’ 
but not canola seed meal amendments. A striking difference 
between the two seed meal amendments was the dramatic increase 
in recovery of Pythium spp. from the roots of apple grown in soil 
amended with 1.0% canola seed meal (Table 7). 

Impact of treatments on soil nitrogen and leaf mineral 
content. Pasteurization and application of 0.1% ‘Dwarf Essex’ or 
canola seed meal did not have a significant impact on total 
nitrogen content, as determined after incubation of soil for 4 to  
6 weeks. Total nitrogen in soils receiving seed meal amendments 
at a rate of 1.0% or higher was significantly greater than that 
present in nontreated orchard soils at the time of planting. When 
applied at the same rate, total nitrogen content in WVC-A orchard 
soil amended with ‘Dwarf Essex’ or canola seed meals were 

TABLE 6. Impact of Brassica napus cv. Dwarf Essex seed meal amendments on relative recovery of dominant fungal genera and actinomycetes from roots of 
‘Gala’ apple seedlings grown in replant soils from the Columbia View (CV) and Wenatchee Valley College-Auvil (WVC-A) orchards, WAz 

Treatment Cylindrocarpon Fusarium Pythium Rhizoctonia Actinomycetes 

CV orchard      
Control 48.2 c 4.0 a 3.8 a 6.1 b 11.5 a 
Pasteurization (95°C)  1.5 a 16.5 b 0 a 0 a 20.1 a 
0.1% seed meal 26.5 b 13.3 b 1.4 a 0.3 a 53.8 c 
1.0% seed meal 26.0 b 32.7 c 2.7 a 0 a 50.4 c 
2.0% seed meal 29.1 b 49.6 d 1.7 a 0 a 34.8 b 
      
WVC-A orchard      
Control 13.2 b 3.6 a 3.7 a 28.5 b 11.0 a 
Pasteurization (95°C) 1.5 a 10.4 ab 0 a 1.6 a 23.5 bc 
0.1% seed meal 19.8 b 15.3 b 3.3 a 3.5 a 43.3 d 
1.0% seed meal 28.5 c 35.3 c 2.2 a 0 a 33.8 cd 
2.0% seed meal 11.6 b 30.9 c 1.9 a 0.1 a 19.3 ab 

z Values are the percentage of root segments colonized by the respective organism. Means in the same column followed by the same letter are not significantly 
different (P = 0.05) based on the Student-Newman-Keuls test. 

TABLE 5. Impact of Brassica napus seed meal amendments on populations 
(log CFU per gram of soil) of total culturable bacteria, fluorescent pseudo-
monads, and Pythium spp. (propagules per gram of soil) in replant soils from 
the Wenatchee Valley College-Auvil orchard, WAz 

 
Treatment 

Total 
bacteria 

Fluorescent 
pseudomonads 

 
Pythium spp. 

Control 7.36 a 5.94 b 146 b 
Pasteurization (95°C) 9.02 b 6.72 c 0 a 
0.1% ‘Dwarf Essex’ 8.57 b 7.51 d 40 a 
0.1% C 8.42 b 6.84 cd 108 ab 
1.0% ‘Dwarf Essex’ 8.98 b 3.79 a 50 a 
1.0% C 8.82 b 3.10 a 783 c 

z Population size was determined 6 weeks after application of soil treatment, 
immediately prior to planting with ‘Gala’ apple seedlings. C = unknown 
cultivar marketed as canola meal. Means in the same column followed by
the same letter are not significantly different (P = 0.05) based on the 
Student-Newman-Keuls test. 
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equivalent (data not shown). Total N content in leaves of apple 
seedlings grown in orchard soils amended with ‘Dwarf Essex’ 
seed meal at 1 or 2% was significantly higher than that of 
seedlings grown in nontreated soil (Table 8). Total P content was 
commonly enhanced by seed meal amendments of 1 or 2%. 
Application of 0.1% seed meal and soil pasteurization had no 
detectable impact on leaf mineral content of apple seedlings 
grown in orchard replant soils. 

DISCUSSION 

B. napus seed meal amendments had significant impacts on 
plant growth and populations of soil microorganisms colonizing 
the roots of apple grown in orchard replant soils. Growth effects 
were either positive or negative depending upon rates applied, and 
resulted from disease control, enhanced plant nutrition, and allelo-
pathic interactions. At the lowest rate applied, enhanced growth 
appeared to occur primarily because of disease suppression. No 
significant change in total soil N at the time of planting or leaf 
mineral content at harvest were observed in response to B. napus 
seed meal amendments (0.1%), but suppression of apple root 
infection by Rhizoctonia spp. and, in certain cases, Cylindro-
carpon spp. were documented. Seedling root populations of 
Pratylenchus penetrans were suppressed by 0.1% ‘Dwarf Essex’ 
seed meal amendments. In contrast, at a rate of 1.0%, enhanced 
plant growth resulted from multiple factors. Disease suppression 
typically was equivalent or superior to that obtained in response to 
the lower rate. Enhanced plant growth could be attributed to 
improved plant nutrition, based on leaf mineral analysis, as well 
as the observation that shoot biomass and length of seedlings 
grown in these soils were often greater than that achieved in the 
absence of significant disease (pasteurized treatment). 

B. napus seed meal amendments were phytotoxic to apple at 
higher concentrations, with mortality of the majority of seedlings 
consistently observed at a soil amendment rate of 2% (vol/vol). 
Phytotoxicity of rape residues has been reported previously 
(21,25), and we have observed similar results in orchard trials 
with M.26 rootstock. A delay in planting after application of plant 
residues has been recommended to alleviate phytotoxicity. How-
ever, in our study a delay of up to 12 weeks between seed meal 
application and planting did not significantly reduce seedling 
mortality. This finding suggests that attempts to utilize B. napus 
seed meal to control soilborne pathogens during orchard renova-
tion may require application at the time of tree removal the year 
prior to planting in order to minimize the potential for phyto-
toxicity. Alternatively, application of lower rates may provide 
useful levels of disease control without phytotoxicity. 

Although R. solani and Pratylenchus penetrans were sup-
pressed by both B. napus seed meals, Pythium spp. populations 
increased significantly in response to low glucosinolate canola 
seed meal amendments. The control of plant-parasitic nematodes 
and the differential suppression of plant-pathogenic fungi ob-
served in this study in response to Brassica spp. plant residue 
amendments are consistent with previous reports. Brassica spp. 
green manure crops reduced populations of Tylenchulus semipene-

trans and Paratrichodorus spp. in the roots of orange seedlings 
but failed to enhance seedling growth. This was attributed to an 
increase in soil populations of Pythium spp. in response to incor-
poration of B. napus or B. juncea green manures and a corre-
sponding increase in root infection by Pythium ultimum (30). 
Papavizas (21) demonstrated control of Aphanomyces root rot 
using cabbage leaf amendments, but observed an increase in 
Rhizoctonia root rot. Disparity in fungal suppression in response 
to different Brassicaceae amendments should not be unexpected 
given the diversity in content and composition of glucosinolates 
produced by members of this plant family and differences in 
relative toxicity of these compounds (10,11). 

Previous studies suggest that glucosinolate hydrolysis products 
from various plants in the family Brassicaceae inhibit growth of 
Pythium spp. (6) and provide disease control. Although popula-
tions were relatively low in both orchard soils, an inconsistent 
response in Pythium spp. populations was observed after appli-
cation of the high glucosinolate containing ‘Dwarf Essex’ seed 
meal. This variable response may result, in part, from the fact that 
as many as 15 different species of Pythium are associated with 
apple (18), and the relative sensitivity of fungi to the same isothio-
cyanate varies among species (20). 

Glucosinolate hydrolysis products from B. napus ‘Dwarf Essex’, 
but not the low glucosinolate content cv. Stonewall, completely 
inhibited pea root infection by Aphanomyces euteiches f. sp. pisi 
oospores (27). However, in our study suppression of Rhizoctonia 
spp. was observed in response to soil amendments of either 
‘Dwarf Essex’ or canola seed meal. The canola meal used in our 
study contains relatively low glucosinolate levels and substan-
tially lower concentrations than ‘Dwarf Essex’ seed meal. This 
finding questions the role that glucosinolate hydrolysis products 
play in the suppression of Rhizoctonia spp. root infection. It is 
unlikely that this resulted simply from a fertilization effect, be-
cause soils and leaf mineral content of seedlings were not signifi-
cantly altered by seed meal amendments at a rate of 0.1%, but root 

TABLE 7. Impact of Brassica napus seed meal amendments cultivar on relative recovery of the dominant fungal genera and actinomycetes from the roots of 
‘Gala’ apple seedlings grown in replant soils from the Wenatchee Valley College-Auvil orchard, WAz 

Treatment Cylindrocarpon Fusarium Pythium Rhizoctonia Actinomycetes 

Control 19.6 b 2.4 a 2.0 a 16.4 c 3.2 a 
Pasteurization (95°C) 4.0 a 3.6 a 0 a 1.2 a 6.8 a 
0.1% ‘Dwarf Essex’ 8.8 a 3.2 a 0 a 9.6 b 22.4 c 
0.1% C 21.6 b 3.6 a 3.2 a 9.2 b 14.4 b 
1.0% ‘Dwarf Essex’ 25.6 b 21.6 b 0.4 a 0 a 7.6 a 
1.0% C 40.0 c 4.4 a 21.5 b 1.1 a 4.4 a 

z C = unknown cultivar marketed as canola meal. Values are the percent of root segments colonized by the respective organism. Means in the same column 
followed by the same letter are not significantly different (P = 0.05) based on the Student-Newman-Keuls test. 

TABLE 8. Impact of Brassica napus cv. Dwarf Essex seed meal amendments 
on leaf mineral content of ‘Gala’ apple seedlings grown in replant soils from 
the Columbia View (CV) and Wenatchee Valley College-Auvil (WVC-A) 
orchards, WAz 

Treatment % N % P % K % S 

CV orchard     
Control 1.22 a 0.17 ab 1.58 a 0.11 a 
Pasteurization (95°C) 1.19 a 0.16 a 1.75 a 0.13 a 
0.1% seed meal 1.38 a 0.14 a 1.48 a 0.12 a 
1.0% seed meal 2.05 b 0.20 ab 1.72 a 0.17 b 
2.0% seed meal 2.40 c 0.23 b 1.83 a 0.20 b 

WVC-A orchard     
Control 1.71 a 0.15 a 1.50 ab 0.13 ab 
Pasteurization 1.86 a 0.15 a 1.80 b 0.13 ab 
0.1% seed meal 1.71 a 0.13 a 1.34 a 0.11 a 
1.0% seed meal 3.33 b 0.23 b 1.80 b 0.14 ab 
2.0% seed meal 3.78 c 0.30 c 1.77 b 0.16 b 

z Means in the same column followed by the same letter are not significantly 
different (P = 0.05) based on the Student-Newman-Keuls test.  
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infection by Rhizoctonia spp. was significantly reduced or elimi-
nated by this treatment. It is plausible that changes in soil microbial 
community structure may have led to the observed disease sup-
pression. Application of ‘Dwarf Essex’ seed meal at a rate of 0.1% 
significantly increased populations of total bacteria and fluores-
cent pseudomonads. Likewise, increased recovery of Fusarium 
spp. and actinomycetes from apple roots was observed in soils 
that received this low seed meal amendment rate, as well as at 
higher amendment rates. The role of various elements of these 
microbial groups in the suppression of Rhizoctonia spp. is plausible 
based on previous reports (1,14,16,17,24). 

Due to an apparent broad spectrum of activity, there has been 
interest in determining the potential for adverse impact of gluco-
sinolate-containing plant residues on nontarget soil micro-
organisms. Muehlchen et al. (19) noted a reduction in root nodu-
lation of pea roots grown in white mustard-amended soils relative 
to that observed in nonamended soils. In contrast, Scott and 
Knudsen (25) reported that soil incorporation of a B. napus 
‘Dwarf Essex’ green manure crop had no apparent impact on 
nodulation of pea roots by R. leguminosarum, and did not affect 
total viable counts of bacteria or fluorescent pseudomonads re-
covered from the pea rhizosphere. In our study, dramatic changes 
in total bacteria, fluorescent pseudomonads, and actinomycete 
populations were recorded in response to B. napus seed meal 
amendments. Regardless of glucosinolate content, soil populations 
of total bacteria and actinomycetes increased in response to seed 
meal amendments of 0.1 or 1.0% (vol/vol), but fluorescent 
pseudomonad populations declined dramatically in soils amended 
at rates of 1.0% or higher. Similar impacts on fluorescent pseudo-
monad populations in orchard replant soils were obtained in the 
field (M. Mazzola, unpublished data). 

The potential negative impact of B. napus seed meal amend-
ments on populations of fluorescent Pseudomonas spp. may have 
significant implications for incorporating these amendments with 
wheat cover cropping as a means to promote apple growth on 
replant sites. Wheat cultivation of replant soils suppresses popu-
lations of Pythium spp. in orchard replant soils both in greenhouse 
(16) and in field trials (M. Mazzola, unpublished data). Given the 
ability of B. napus seed meal amendments to effectively control R. 
solani and Pratylenchus penetrans, but its failure to reduce apple 
root infection by Pythium spp., it is plausible that enhanced 
control of apple replant disease may be obtained through integra-
tion of these two practices. Certain fluorescent pseudomonad 
genotypes are suspected to have a role in the wheat-induced sup-
pression of the fungal complex that incites apple replant disease 
(7,16,17; Y.-H. Gu and M. Mazzola, unpublished data). The 
demonstrated impact of B. napus seed meal amendments on 
populations of this bacterial group suggest that optimal integration 
of these practices will require the use of seed meal amendments at 
a rate below 1% (vol/vol). Trials are needed to determine the 
appropriate application sequence of these practices, as well as 
amendment and seeding rates for optimal control of apple replant 
disease.  
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